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Abstract 

Faunistical analysis of benthic samples collected from different depths and biotopes (0-195 m) at 108 stations along the 
Turkish Aegean coast yielded 11 species and 5 subspecies of Sipuncula. Two species ( Phascolion (Isomya ) tuberculosum 
and Aspidosiphon {Aspidosiphon) misakiensis) are new to the eastern Mediterranean fauna and 8 species are new to the 
Turkish fauna. Onchnesoma steenstrupii steenstrupii has the highest dominance and frequency index values in the study 
area. Aspidosiphon ( Aspidosiphon ) elegans and Apionsoma ( Apionsoma ) misakianum are alien species. Of the biotopes 
examined, muddy sand was characterized by the highest number of species and specimens, whereas sponges and coral- 
ligenous substrata were characterized by the lowest number of species and specimens. The biometrical and reproductive 
features of the species are presented and discussed. 
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Introduction 

Sipunculans are widely distributed in the world’s oceans, from intertidal to abyssal depths (Cutler 1994). They 
sometimes form dense populations in hard and soft biotopes, and play important roles in recycling organic 
matter and energy in a given ecosystem. Some species of Aspidosiphon, Lithacrosiphon and Phascolosoma 
are bio-eroders and cause habitat changes, especially in calcareous habitats such as coral reefs (Peyrot- 
Clausade et al. 1992). 

The phylum has almost 162 species world-wide (Cutler 1994) and 34 species in the Mediterranean Sea 
(A?ik 2007). Sipunculans have not been studied in detail on the coasts of Turkey. The first record of sipuncu¬ 
lans from Turkey was given by Ostroumoff (1896), who found Nephasoma ( Nephasoma ) diaphanes 
diaphanes (Gerould 1913) (as Petalastoma minutum Keferstein, 1863) at 45-77 m depth in the Sea of Mar¬ 
mara. Afterwards, Demir (1952) and Caspers (1968) found Aspidosiphon (.Aspidosiphon ) muelleri, Nepha¬ 
soma (N. ) diaphanes diaphanes and Phascolion (Phascolion ) strombus strombus in the Sea of Marmara. On 
the Aegean coast of Turkey, a total of 7 species [Sipunculus (Sipunculus) nudus, Golfingia (Golfingia ) cf. 
elongata, Golfingia (G.) vulgaris vulgaris, Phascolion (P .) strombus strombus, Onchnesoma steenstrupii 
steenstrupii, Aspidosiphon (A.) muelleri and Phascolosoma (Phascolosoma ) granulatum Leuckart, 1828] 
were reported from general ecological studies (Kocatas 1978; Ergen & ginar 1994; Ergen et al. 1994; ginar et 
al. 2002; Dogan et al. 2005). Recently, Afik (2007; 2008) reported A. (A.) misakianum and A. (A.) elegans 
from the Aegean Sea. 

In the other basins of the Mediterranean, there is relatively more information about the distribution and 
ecology of sipunculans (see Pancucci-Papadopoulou et al. 1999). A total of 16 sipunculan species were 
reported in the Adriatic Sea (Pancucci-Papadopoulou et al. 1999); 14 species in the Alboran Sea (Saiz Salinas 
& Villafranca-Urchegui 1990); 23 species on the coast of Spain (Saiz Salinas 1993b); and 19 species from the 
Levantine Sea (Afik et al. 2005). 
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The aim of this study is to present data on sipunculans distributed along the Aegean Sea, and to give mor¬ 
phological, biometrical and reproductive properties of these species. 


Material and methods 

Benthic samples were collected at 108 stations in the Aegean Sea between 1992 and 2006 (Figure 1). Scuba 
diving and snorkeling were used at shallow-water stations (ca. 0-5 m). In deeper stations, benthic samples 
were collected using an anchor dredge and a Van Veen grab from R/V “Hippocampus” (2000). On the board, 
soft-bottom samples were sieved through 0.5 mm mesh and the retained material was placed in separate jars 
containing 4% seawater-formaldehyde solution. At the shallow-water stations, various substrata (i.e., stones, 
sand, algae, sea-grasses and sponges) were sampled. Algae and sea-grasses inhabiting shallow-water stations 
(marked with K on the map) were sampled by using a quadrate of 400 cm' 2 . 

In the laboratory, samples were rinsed in fresh water and sorted according to taxonomic groups using a 
stereomicroscope, and preserved in 70% ethanol. Afterwards, sipunculans were identified and counted using 
both stereo- and compound microscopes. Biometrical measurements of the largest and smallest individuals of 
each species such as the lengths of trunk, introvert, papillae, retractors, nephridia and hooks were measured by 
using an ocular micrometer. The wet-weight of specimens was estimated by using a balance of 0.0001 sensi¬ 
tivity. To characterise population structures of some sipunculan species in the area, regression and Pearson 
product-moment correlation analyses were performed to assess the relationship among the biometrical mea¬ 
surements taken. The Jaccard Similarity Index and multidimensional scaling (MDS) techniques were used to 
distinguish species assemblages in the area. Soyer’s (1970) Frequency Index (F) was used for classify species 
according their occurrences in samples. 

The examined material was deposited at the Museum of the Faculty of Fisheries (ESFM), Ege University, 
Turkey. 


Results 

Faunistical Analysis Examination of 134 benthic samples taken from different depths and biotopes (0-195 m) 
at 108 stations located along the Turkish Aegean coast revealed 9 genera, 11 species, 5 subspecies and 3099 
individuals belonging to 5 families (Table 1). The family Sipunculidae was represented by 1 species (6% of 
total species) and 3 individuals (0.1% of the total individuals); Golfingiidae by 3 species, 1 subspecies (25%) 
and 102 individuals (3.3%); Phascolionidae by 1 species, 2 subspecies (19%) and 1879 individuals (60.6%); 
Phascolosomatidae by 2 species, 2 subspecies (25%) and 643 individuals (20.8%); and Aspidosiphonidae by 4 
species (25%) and 472 individuals (15.2%). The most dominant species in the study area was Onchnesoma 
steenstrupii steenstrupii (1871 specimens, 60.4% of the total populations), followed by Apionsoma (A.) mis- 
akianum , (571 specimens, 18.4%), Aspidosiphon (A.) misakiensis (240 specimens, 7.7%), Aspidosiphon (A.) 
muelleri (184 specimens, 5.9%) and Golfingia (G .) vulgaris vulgaris (60 specimens, 2%). The species repre¬ 
sented by only one or two specimens were Phascolion (P) strombus strombus, Apionsoma (A.) murinae bilo- 
batae and Aspidosiphon (A.) elegans. According to Soyer’s (1970) frequency index (F), only 1 species can be 
classified as Constant (F>50), 1 species as Common (F between 25 and 49) and 14 species as Rare (F<25). 
Onchnesoma steenstrupii steenstrupii ranked first, with a frequency value of 52.2%, followed by Aspidosi¬ 
phon (A.) muelleri (33.6%). The species that were present in only one or two samples were Sipunculus (S .) 
nudus, Nephasoma (A.) constrictum and Phascolion (P.) strombus strombus. Some sipunculan species seemed 
to be characteristic of certain habitats: Thysanocardia procera and Apionsoma (A.) murinae bilobatae 
occurred only on sandy mud; Aspidosiphon (A.) elegans was only found within the crevices of rocks; and 
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Aspidosiphon (Aspidosiphon) muelleri 0-195 25 59 14 76 6 2 - 1 1 6,8,18,38,42,44,48,50,52,55,56,62,66,73,74,80,89,93,95, 

105,124,140,160,180-182,218,245,248,253, 
254,259,268,289,292,301,310,K(3,7,9,10,13,14,18,22) 














26 ° 27 ° 28 ° 


FIGURE 1. Map of the investigated area, with the location of sampling stations. 

Phascolion (I.) tuberculosum was present only on Posidonia oceanica. Other species were encountered in var¬ 
ious biotopes. The highest number of species occurred on sandy mud substrata (11 species), followed by P. 
oceanica beds (7 species), muddy sand, sand, and rock (each with 6 species) (Figure 2). The sandy-mud 
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biotope was represented by the highest number of individuals (2283), followed by P oceanica beds (223 indi¬ 
viduals), muddy sand (163 individuals), rock (163 individuals) and sand (121 individuals), respectively. A 
total of 6 species were found on the hard substratum (sponge, photophilic algae, Cladocora caespitosa. Pinna 
nobilis and rock) and 14 species on the soft substrata ( Posidonia oceanica, Caulerpa with sandy mud, sandy 
mud, muddy sand and sand). The most dominant species found in the hard substratum was Aspidosiphon (A.) 
misakiensis (64.3% of total individuals), followed by Phascolosoma (P) agassizii agassizii (22.3%) (Figure 
3A). In the soft substrata, the most dominant species were Onchnesoma steenstrupii steenstrupii (64.8%) and 
Apionsoma (A.) misakianum (20%) (Figure 3B). The most frequent species in the hard substrata were Aspido¬ 
siphon (A.) misakiensis (64.7%) and Phascolosoma ( P .) agassizii agassizii (52.9%). In the soft substrata, 
Onchnesoma steenstrupii steenstrupii was the constant species, comprising 62% of the total number of speci¬ 
mens. The common species in both soft and hard substrata were Golfingia (G.) vulgaris vulgaris, Phascolo¬ 
soma (P.) agassizii agassizii, Aspidosiphon (A.) muelleri and Aspidosiphon (A.) misakiensis. According to the 
results of Jaccard’s Similarity Index and MDS analyses, five species associations were present along the Turk¬ 
ish Aegean coast (Figure 4). The first group (group A) included the two species Nephasoma (N.) constrictum 
and Apionsoma (A.) murinae bilobatae, which were present only in deep waters (115-195 m). The second 
group (group B) comprised 4 species, namely Golfingia (G.) elongata, Aspidosiphon (A.) mexicanus, Thys- 
anocardia procera and Apionsoma (A.) misakianum, which occurred only on sandy-mud bottoms at depths 
ranging from 50 to 150 m. Thysanocardia procera and A. (A.) misakianum joined to each other at the similar¬ 
ity level of 66.7%. Sipunculus (5.) nudus and Phascolion (P .) strombus strombus, which were present in only 
one or two benthic samples, formed the third association (group C). The other group (group D) comprised the 
species Phascolosoma (P.) agassizii agassizii, P. (P.) stephensoni and Aspidosiphon (A.) elegans, which 
occurred only in hard substrata at shallow depths. In this group, P. (P.) stephensoni and A. (A.) elegans joined 
to each other at the similarity level of 66.7%. Phascolosoma (P.) agassizii agassizii joined to these two species 
at the similarity level of 45.2%. The last association (group E) included the species Golfingia (G.) vulgaris 
vulgaris, Onchnesoma steenstrupii steenstrupii, Aspidosiphon (A.) misakiensis and A. (A.) muelleri, which 
were widely distributed on the soft substrata. Phascolion (/.) tuberculosum, which was present in only three 
samples, joined to the last group with a relatively low similarity level (28%). 



Biotopes 
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FIGURE 2. The total number of species and individuals encountered in biotopes (A: Muddy Sand; B: Sandy mud; C: 
Sand; D: Posidonia oceanica , E: Caulerpa with sandy mud; F: Rock; G: Photophilic algae; H: Cladocora caespitosa and 
Pinna nobilis ; I: Sponges). 
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Population characteristics The biometrical features of the species are given in Table 2. The highest total 
length (42.3 mm) was found in a specimen of Phascolosoma (P.) agassizi agassizv, the highest introvert length 
(43 mm) in a specimen of Apionsoma (A.) misakianum and the highest hook length (160 pm) in a specimen of 
Golfingia (G .) vulgaris vulgaris. The length-weight relationships (trunk length and individual wet weight) of 
specimens of some species represented by high number of individuals in the study area are depicted in Figure 
5. All the relationships were exponential and the growth for these species seemed to be allometric as the 
parameter b was smaller than 3. The highest correlation coefficient value (r=0.95, .P<0.05) was estimated 
between the length and weight of the specimens of Thysanocardia procera and Aspidosiphon (A.) mexicanus. 

Reproductive features During the sampling periods, some specimens of the following species were found 
with eggs in their coelomic cavities. Specimens of Golfingia (G.) vulgaris vulgaris were characterized by 
spherical eggs with 130-150 pm in diameter; Nephasoma (N.) constrictum had elliptical eggs with the longer 
axis 77.5-102.5 pm in diameter, and the smaller axis 65-90 pm in diameter; Onchnesoma steenstrupii steen- 
strupii had elliptical eggs with the longer axis 117.5-167.5 pm in diameter, and the smaller axis 105-142.5 
pm in diameter; Phascolosoma (P.) agassizii agassizii had elliptical eggs with the longer axis 95-135 pm in 
diameter, and the smaller axis 85-107.5 pm in diameter; Phascolosoma (P.) stephensoni had elliptical eggs 
with the longer axis 110-135 pm in diameter, and the smaller axis 90-125 pm in diameter; Aspidosiphon (A.) 
misakiensis had elliptical eggs with the longer axis 62.5-95 pm in diameter, and the smaller axis 55-77.5 pm 
in diameter; and Aspidosiphon (A.) muelleri had elliptical eggs with the longer axis 117.5-145 pm in diame¬ 
ter, and the smaller axis 80-120 pm in diameter. 



Aspidosiphon (A.) 
misakiensis ; 64.3% 


Golfingia (S.) vulgaris 
vulgaris ; 1.9% \ 

Aspidosiphon (A.) \ 

muelleri ; 6.3% 


Others; 2% 
Aspidosiphon (A.) 
misakiensis', 3.4% 


Apionsoma (A.) 
misakianum', 20% 



Onchnesoma steenstrupii steenstrupii', 64.8% 

B 


FIGURE 3. Relative dominance of the species in hard (A) and soft (B) substrata by numbers of individuals. 
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TABLE 2. Biometrical features (minimum and maximum values) of sipunculan species found in the Aegean Sea [TL: Trunk length, IL: Introvert length, PL: Papillae length 
(P: Papillae, HP: Holdfast papillae), HL: Hooks length (UH: Unidentate hook; BH: Bidentate hook), NL: Nephridia length (percent of trank length), DPE: (Distance between 
posterior end of trunk and base of retractors), ICN: Intestinal coil number, TN: Tentacle number, RN: Ring number]. 
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FIGURE 4. Dendrogram and MDS plot showing similarity among sipunculan species found in different biotopes and 
depths along the Turkish Aegean coast. 


Discussion 

The previous benthic studies performed along the coast of Turkey reported 7 sipunculan species from the 
Turkish Aegean coast, one species from the Turkish Levantine coast and two species from the Sea of Mar¬ 
mara. There is no record of sipunculans from the entire Black Sea. In the present study, a total of 11 species 
and 5 subspecies were found along the Turkish Aegean coast, of which 2 species (Phascolion (I.) tuberculo¬ 
sum and Aspidosiphon (A.) misakiensis ) are new to the eastern Mediterranean; 5 species [Nephasoma (N.) 
constrictum , P. (/.) tuberculosum, Phascolosoma (P) agassizii agassizii, P. (P.) stephensoni, A. (A.) misakien¬ 
sis ] are new to the fauna of the Aegean Sea; and 8 species [N. (N.) constrictum, P. (I.) tuberculosum', Thysano- 
cardia procera, P. (P.) agassizii agassizii, P. (P.) stephensoni, Apionsoma (A.) murinae bilobatae, A. (A.) 
mexicanus and A. (A.) misakiensis] are new to the Turkish fauna. The total number of sipunculan species 
known from the eastern Mediterranean increased from 25 to 27 and that from the coast of Turkey from 8 to 
18. A species that was reported in the previous benthic studies in the Aegean Sea (Pancucci-Papadopoulou et 
al. 1999) and not included in our collections is Phascolosoma (P.) granulation. 

Aspidosiphon (A.) misakiensis , which is new to the eastern Mediterranean, was previously reported from 
the Pacific and Atlantic Oceans, and the western Mediterranean (Saiz Salinas 1986; Cutler 1994). In the 


28 • Zootaxa 1852 © 2008 Magnolia Press 


ALIK 

























































present study, this species was associated with a variety of habitats (rocks, photophilic algae, sponge, Posi- 
donia oceanica and sandy mud with Caulerpa prolifera ) at depths ranging from 0 to 44 m. This species was 
previously found on the muddy bottoms with gravel (Saiz Salinas 1986), and on mud, algae, calcareous rocks 
and corals (Pancucci-Papadopoulou et al. 1999). The maximum trunk length of A. (A.) misakiensis (15.2 mm) 
from the Aegean Sea is much smaller than that reported from the coast of Japan (18 mm) (Cutler et al. 1984) 
and the coast of Spain (27 mm) (Saiz Salinas 1986). However, the number of hook rings (max: 100 rings) on 
the introvert of this species was higher than that reported from the coasts of Japan (70 rings) and Spain (80 
rings). 

Phascolion (/.) tuberculosum was previously reported from the Atlantic, Indian and western Pacific 
Oceans, and the western Mediterranean (Saiz Salinas & Villafrancha Urchegui 1990; Saiz Salinas 1993b; 
Murina & Sorensen 2004). This species was found in the shallow waters (4.5-12 m) in the Aegean Sea 
(present study). However, it was reported at depths ranging from 20-2670 m from the coast of Spain (Saiz 
Salinas 1993b), 505-2670 m from the eastern Atlantic Ocean (Cutler & Cutler 1987), 252-2110 m from the 
Alboran Sea and the eastern Atlantic Ocean (Saiz Salinas & Villafranca Urchegui 1990), and 351-732 m from 
the northern Atlantic Ocean (Murina & Sorensen 2004). The trunk length of the Aegean Sea specimens of P. 
(I.) tuberculosum (range: 3.25-8.5 mm) is much smaller than those reported by Stephen & Edmonds (1972) 
(as Phascolion hirondellei - 32 mm) and Saiz Salinas (1988b) (12 mm). The papillae diameter (max: 100 pm) 
of the Aegean Sea specimens of this species is smaller than that previously reported (max: 330 pm) by Cutler 
& Cutler (1985). In addition, the lengths of hooks on the introvert of this species reported from the coast of 
Spain (70-250 pm) and the northeastern Atlantic (80-100 pm) by Saiz Salinas (1988b, 1993b) are longer than 
that of the specimens from the Aegean Sea (20-62.5 pm). The number of tentacles on the specimens of this 
species collected from the Aegean coast (16 tentacles) is smaller than that reported by Stephen & Edmonds 
(1972) (as Phascolion hirondellei -40 tentacles). 

The maximum trunk length (32.5 mm) of the specimen of Sipunculus (S .) nudus, which was collected at 
50 m depths in the study area, is shorter than those reported from the coasts of Portugal (46 mm), Spain (340 
mm) and the northeastern Atlantic (61 mm) (Saiz Salinas 1984; 1988b; 1993b). 

Golfingia (G.) elongata was found at depths ranging from 50 to 194 m in the study area. This species was 
previously reported at depths ranging from 395 to 720 m from the Alboran Sea and the east Atlantic coast 
(Saiz Salinas & Villafranca Urchegui 1990), and from 10 to 14 m from the north Atlantic coast (Cutler 1973). 
The maximum length of trunk of specimens of G. (G.) elongata collected in this study was measured as 11.8 
mm, whereas that of specimens from the coasts of Portugal and Spain was much longer (25 mm-150 mm) 
[Saiz Salinas 1984; 1993b], The ratio between introvert and trunk lengths of specimens of this species from 
the Aegean coast was found to be 40-54%, whereas Cutler (1994) determined it as 20-40%. The number of 
intestinal coils (24-26 coils) in the Aegean Sea specimens of this species is lower than those reported by 
Murina & Zavodnik (1985/1986) (30-60 coils) and Pancucci-Papadopoulou et al. (1999) (30 coils and more). 
The distance between the posterior end of the trunk and the base of the ventral retractors (64%) on the Aegean 
Sea specimens is much longer than that found (30-40%) on the specimens reported by Cutler (1994). 

In the present study, Golfingia (G.) vulgaris vulgaris was found at depths ranging from 0 to 115 m. This 
species was previously found at 0-5853 m depth from the north-eastern Atlantic coast (Saiz Salinas 1988b), at 
395-1283 m depth from the Alboran Sea and the east Atlantic coast (Saiz Salinas & Villafranca Urchegui 
1990), and at 1500-1590 m depth from the Indian Ocean (Saiz Salinas 1993a). The trunk length (max: 17 
mm) of the Aegean Sea specimens is much smaller than that of specimens reported from the Atlantic Ocean 
(50 mm) (Cutler & Cutler 1987), the coasts of Japan (65 mm) (Cutler et al. 1984) and the coast of Spain (198 
mm) (Saiz Salinas 1986). The number of intestinal coils (max: 60 coils) given by Pancucci-Papadopoulou et 
al. (1999) for this species is higher than the specimens found in this study (max: 25 coils). The height of hooks 
(max: 160 pm) on the introvert of specimens of the Aegean Sea is smaller than that (max: 225 pm) reported 
from the coast of Spain (Saiz Salinas 1986). 
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FIGURE 5. The length-weight relationships of specimens of the sipunculan species represented by a high number of 
individuals in the Aegean Sea 

Nephasoma (N.) constrictum was found at 115-194 m depths in the present study. This species was previ¬ 
ously reported at 153CM1000 m from the east Atlantic Ocean (Cutler & Cutler 1987), at 205-2035 m from the 
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Mediterranean and the east Atlantic Ocean (Saiz Salinas & Villafranca Urchegui 1990; Afik et al. 2005), and 
at 350-4350 m from the Indian Ocean (Cutler & Cutler 1996). The length of trunk and height of hooks of 
specimens from the Aegean Sea (range: 1.15-6.1 mm; 12.5-17.5 pm) are much smaller than those reported 
from the east Atlantic Ocean (range: 8-32 mm; 20-40 pm) by Cutler & Cutler (1987). 

In the present study, Thysanocardia procera was found at depths ranging from 15 to 169 m. The maxi¬ 
mum depth range of this species was found to be 555 m in the Alboran Sea and the east Atlantic Ocean (Saiz 
Salinas & Villafranca Urchegui 1990). 

Phascolion ( P.) strombus strombus, which was found at 5-26 m depths in this study, was previously 
reported at 200-2090 m from the east Atlantic Ocean (Cutler & Cutler 1987), at 250-1390 m from the Indian 
Ocean (Cutler & Cutler 1996) and at 0-1186 m from the coast of New Zealand (Cutler et al. 2004). This spe¬ 
cies has the maximum trunk length of 4.3 mm in the Aegean Sea, 8 mm in the coast of Portugal (Saiz Salinas 
1984), 15 mm in the northwestern Atlantic coast (Cutler 1973) and 20 mm in the coast of New Zealand (Cut¬ 
ler et al. 2004). The maximum height of holdfast papillae on the trunk of the Aegean Sea specimens was 
found to be 120 pm, whereas it was reported as 250 pm from the other parts of the Mediterranean (Pancucci- 
Papadopoulou et al. 1999). The height of hooks (range: 37.5-62.5 pm) on the introvert of specimens from the 
Aegean Sea is higher than that (15 pm) of the Alboran Sea and east Atlantic Ocean specimens (Saiz Salinas & 
Villafranca Urchegui 1990). 

The most abundant species in the present study was Onchnesoma steenstrupii steenstrupii, which 
occurred at depths ranging from 5 to 195 m. The maximum depth range of this species was previously 
reported as 643 m in the northwest Atlantic coast (Cutler 1973); as 2990 m in the east Atlantic coast (Cutler & 
Cutler 1987); as 3362 m in the northeast Atlantic coast (Saiz Salinas 1988b); and as 337 m on the coast of 
Cyprus (Afik et al. 2005). The maximum trunk length (2.4 mm) of O. steenstrupii steenstrupii specimens col¬ 
lected from the Aegean Sea is much smaller than that reported from the Alboran Sea and the east Atlantic 
Ocean (8.2 mm) by Saiz Salinas & Villafranca Urchegui (1990). 

Saiz Salinas (1986) reported Phascolosoma (P.) agassizii agassizii in deep waters (max: 240 m) from the 
coast of Spain, whereas specimens of this species were found only at 5 m depth from the Aegean Sea. The 
maximum trunk length (42.3 mm) of this species from the Aegean Sea is much shorter than that reported (140 
mm) from the Mediterranean coast of Spain by Saiz Salinas (1986). 

The maximum trunk length (10 mm) of Phascolosoma (P.) stephensoni collected from the Aegean Sea is 
much smaller than that reported from the coasts of southwest Africa (18 mm) and Spain (40 mm) by Saiz Sali¬ 
nas (1986; 1988a). The height of hooks on specimens from the Aegean Sea (range: 17.5-47.5 pm) is much 
smaller than that reported from the coast of Spain (80 pm) (Saiz Salinas 1986). 

Cutler (1969) separated Apionsoma (A.) murinae into two subspecies: A. (A.) murinae murinae and A. (A.) 
murinae bilobatae. The main difference between these two subspecies is the shape of nephridium. A. (A.) 
murinae murinae has an unlobed nephridium; A. (A.) murinae bilobatae has a bilobed nephridium. However, 
Saiz Salinas & Villafranca Urchegui (1990) postulated that this taxon should be raised to species level as the 
nephridium shape can not be clearly seen in juvenile specimens. In this study, only one specimen (trunk 
length: 3 mm) of this species was found and it has a bilobed nephridium, thus it was identified as A. (A.) muri¬ 
nae bilobatae. This species was found at 115 m depths in the Aegean Sea. It was previously reported at 350- 
625 m from the Indian Ocean (Cutler & Cutler 1987) and at 450-1860 m from the east Atlantic Ocean (Cutler 
& Cutler 1996). The number of hook rings (10-15 rings) on the introvert of specimens from the various areas 
of Mediterranean (Pancucci-Papadopoulou et al. 1999) is smaller than that (40 rings) of the Aegean Sea speci¬ 
mens. The size of primary lobe on the nephridium is 2.5 times longer than that of the secondary one. However, 
Cutler (1994) reported that this ratio could be about 4 times. 

The skin bodies (range: 7.5-10 pm) on the trunk of specimens of Aspidosiphon (A.) mexicanus collected 
from the Aegean Sea are smaller than those of specimens found in the Adriatic Sea (range: 25-30 pm) by 
Murina & Zavodnik (1985/1986). The length of hooks on the introvert of specimens of this species reported 


SIPUNCULANS FROM THE AEGEAN SEA 


Zootaxa 1852 © 2008 Magnolia Press ■ 31 



from the Indian Ocean (range: 35^17 pm) (Saiz Salinas 1993a) and the Adriatic Sea (32 pm) (Murina & 
Zavodnik 1985/1986) is longer than that (22.5-27.5 pm) of specimens from Aegean Sea. 

Aspidosiphon (A.) elegans is a Lessepsian migrant (A?ik 2008). This species was previously reported to 
be a common species in the shallow waters of the Indian and western Pacific Oceans, the Red Sea (Cutler 
1994), and the eastern Mediterranean (Wesenberg-Lund 1957; Afik 2008). The trunk length of specimens of 
A. (A.) elegans collected from the Aegean Sea (6.2 mm) is much smaller than that of specimens reported from 
the coast of Japan (58 mm) (Cutler & Cutler 1979) and the Indian Ocean (57 mm) (Cutler et al. 1984). In addi¬ 
tion, the number of hook rings (13 rings) and intestinal coils (5 coils) of specimens collected from the Aegean 
Sea were smaller than those reported by Stephen & Edmonds (1972) (35-100 rings; 23-30 coils). The other 
difference between specimens of this species found in the different areas is the number of eyespots. Wesen¬ 
berg-Lund (1957) reported 3 eyespots on the introvert of specimens collected from the Israeli coast, whereas 
only 2 black eyespots are present on the introvert of specimens from the coasts of Turkey. 

Murina & Zavodnik (1979) separate Aspidosiphon (A.) muelleri into two subspecies: A. (A.) muelleri 
muelleri and A. (A.) muelleri kovalevskii. The difference between these two subspecies is based on the two cri¬ 
teria: the morphology of hooks and the presence of spines on the anal shields. According to Murina & Zavod¬ 
nik (1979), A. (A.) muelleri muelleri has both unidentate and bidentate hooks on the introvert and does not 
have spines on the anal shield; A. (A.) muelleri kovalevskii has only unidentate hooks on the introvert and 
spines on the anal shield. However, Cutler & Cutler (1989) and Cutler (1994) stated that the presence/absence 
of bidentate introvert hooks is only an expression of genetic plasticity within A. (A.) muelleri, and considered 
that Aspidosiphon (A.) muelleri kovalevskii is a junior synonym of A. (A.) muelleri. Similarly, Saiz Salinas 
(1984) examined a population of A. (A.) muelleri kovalevskii from the coast of Portugal and found that some 
specimens with spines on anal shields had both unidentate and bidentate hooks. In contrast to this assumption, 
Pancucci-Papadopoulou et al. (1999) and A?ik et al. (2005) found only unidentate hooks on specimens that 
bear spines on the anal shield and so they considered that the two subspecies are distinct. In this study, I found 
specimens with spines on the anal shield that possessed both unidentate and bidentate hooks on the introvert. 
Therefore, A. (A.) muelleri was not separated into two subspecies. However, a genetic analysis should be per¬ 
formed if specimens with or without spines on the anal shield belong in fact to different species or if having 
sharp spines on the anal shield is a protective adaptation against predation. This species was found between 
the depth intervals 0-195 m in the Aegean Sea. The maximum depth range of this species was previously 
reported as 2930 m in the east Atlantic coast, and as 705 m in the Indian Ocean (Cutler & Cutler 1987; 1996). 
The height of bidentate hooks (range: 20-27.5 pm) on the introvert of specimens from the Aegean Sea is 
longer than that (range: 14-17 pm) of specimens found from the coast of Spain by Saiz Salinas (1993a). The 
length of spines on the anal shield (range: 65-107.5 pm) is longer than that found on the coast of Portugal 
(range: 22-25 pm) and in the northeast Atlantic Ocean (range: 16-35 pm) (Saiz Salinas 1984; 1988b). 

The sponges, Sarcotragus sp. and Aplysina aerophoba, which are known to provide a good shelter, contin¬ 
uous water flow and organic matter for the associated fauna (Koukouras et al. 1985; (J'inar et al. 2002), hosted 
2 sipunculan species and 1 subspecies, with P. (P.) agassizii agassizii being the most dominant. Fishelson 
(1966) found a dense population of P. (P.) scolops on the sponge Spirastrella inconstans collected in the Red 
Sea. Aspidosiphon (A.) muelleri was found to be dominant on seven sponge species (Agelos oroides, Petrosia 
ficiformis, Aplysina aerophoba, Spongia officinalis, Ircinia fasciculata, Ircinia muscarum and Geodia cydo- 
nium) collected in the north Aegean Sea (Koukouras et al. 1985). Saiz Salinas (1986; 1993b) reported P. (P.) 
granulation, P. (P.) stephensoni and N. ( N .) constrictum on bases of sponges collected from the coast of Spain. 
Voultsiadou-Koukoura et al. (1987) reported A. (A.) muelleri, G. (G). vulgaris vulgaris and P. (P.) granulatum 
on the sponge Aplysina aerophoba collected in the north Aegean Sea. Aspidosiphon (A.) muelleri and P. (P.) 
stephensoni [as P. (P.) granulatum, material re-examined by me] were found on Sarcotragus muscarum col¬ 
lected from the east Aegean Sea ((/inar et al. 2002). 
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In the present study, A. (A.) muelleri, P. (P.) agassizii agassizii and G. (G.) vulgaris vulgaris were found on 
coralligenous substrata ( Cladocora caespitosa and Pinna nobilis). Koukouras et al. (1998) and Pagola-Carte 
& Saiz Salinas (2000) reported P. (P.) granulatum and P. (P.) nigrescens to be the most dominant sipunculan 
species on C. caespitosa and dead corals in the north Aegean and China Seas, respectively. 

Posidonia oceanica is a phanerogam that forms dense meadows on sandy bottoms of the Mediterranean 
Sea, except the Sea of Marmara, Black Sea and the warm water of the Levantine Sea (coasts of Syria, Leba¬ 
non, and Israel). Posidonia oceanica meadows provide an excellent environment (reproduction, feeding and 
sheltering) for a number of species. A total of 3 species and 4 subspecies were found on P. oceanica beds in 
the present study. The most dominant sipunculan species was A. (A.) misakiensis. In the previous studies, P. 
(P.) granulatum was reported on this phanerogam in the Adriatic Sea (Murina & Zavodnik 1985/1986); G. (G.) 
vulgaris vulgaris and P. (P.) granulatum on the coast of Spain (Saiz Salinas 1986); and G (G.) vulgaris vul¬ 
garis, A. (A.) muelleri muelleri, A. (A.) muelleri kovalevskii, P. (P.) agassizii agassizii, P. (P.) scolops and P. 
(P. ) stephensoni on the coast of northern Cyprus (A?ik et al. 2005). 

The present study reported 2 species and 2 subspecies on photophilic algae. Aspidosiphon (A.) misakiensis 
was the most dominant (see Table 1). Aspidosiphon (A.) muelleri, Phascolosoma (P.) granulatum and Goljin- 
gia (G) cf. elongata were previously found on photophilic algae in Izmir Bay (Kocatas 1978); P. (P.) granula¬ 
tum on the alga Cystoseira adriatica in the Adriatic Sea (Murina & Zavodnik 1985/1986); A. (P) speculator 
and P. (P.) stephensoni on the algae Padina pavonica and Corallina mediterranea on the coast of Spain (Saiz 
Salinas 1986); and P. (P.) granulatum on Cystoseira sp. in the Aegean Sea (Ergen & (/inar 1994). 

A total of 4 species and 2 subspecies [A. (A.) misakiensis, P. ( P ) agassizii agassizii, P (P) stephensoni, A. 
(A.) muelleri, G. (G) vulgaris vulgaris and A. (A.) elegans] were gathered from bare rocks or rocks covered by 
filamentous algae collected at 7 stations. The most dominant species was A. (A.) misakiensis. Stephen (1958) 
found 5 species [G. (G.) vulgaris vulgaris, G. (G.) elongata, P. (P.) granulatum, A. (A.) muelleri and Onchne- 
soma steenstrupii steenstrupii] in this habitat along the Israeli coast, with P. (P.) granulatum being the most 
dominant one. A?ik et al. (2005) reported a total of 5 species [A. (A.) muelleri muelleri, A. (A.) muelleri kova¬ 
levskii, P. (P.) agassizii agassizii, P. (P.) granulatum and P. (P.) scolops] on the Cypriot coast and pointed out 
the conspicuous dominance of A. (A.) muelleri muelleri. In the previous studies, Aspidosiphon (A.) elegans, P. 
(P.) agassizii agassizii, P. (P.) granulatum, P. (P.) nigrescens, P. (P.) scolops and T. (L .) lageniformis were 
encountered in crevices of rocks (Wesenberg-Lund 1957; Saiz Salinas 1986; Pagola-Carte & Saiz Salinas 
2000 ). 

The highest number of sipunculan species (11 species) in this study was found on bare soft substrata. 
Onchnesoma steenstrupii steenstrupii was the dominant species. This species was previously reported to be a 
characteristic species of soft substratum in the Aegean Sea (Bognados & Satsmadjis 1985). In this substratum, 
G. (G.) elongata, G. (G.) vulgaris vulgaris and A. (A.) muelleri were found on the Israeli coast (Stephen 1958); 
G. (G.) vulgaris vulgaris in the Evros Delta (north Aegean Sea) (Gouvis & Koukouras 1993); Xenosiphon cf. 
brachiatus (Fischer 1895) on the coast of Phuket Island (Thailand) (Dexter 1996); A. (A.) muelleri in the Lig¬ 
urian Sea (Somaschini et al. 1998); S. (S .) nudus and T. (L .) lageniformis on the coast of China (Pagola-Carte 
& Saiz Salinas 2000); and A. (A.) muelleri muelleri, A. (A.) muelleri kovalevskii and O. steenstrupii steen¬ 
strupii in the Mediterranean Sea (Simboura & Zenetos 2002). 

The MDS analysis suggested that the main factors affecting the distribution of the species in the area are 
depth and habitat type. A similar finding was also noted by A?ik et al. (2005), based on sipunculan distribu¬ 
tion along the coast of Cyprus. Saiz Salinas (2007) indicated the importance of food supply and the number of 
empty gastropod shells/polychaete tubes on the distribution of sipunculans and echiurans in the south Atlantic 
coast. Murina (1984) also pointed out that the availability of empty polychaete tubes is of primary importance 
for some sipunculan species. In this study, the majority of specimens of Aspidosiphon (A.) muelleri and Api- 
onsoma (A.) misakianum were found within empty shells of molluscs and tubes of serpulid polychaetes. 
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The opening of the Suez Canal in 1869 connected the two different zoogeographical areas, the Red Sea 
and the Mediterranean Sea, resulting in the immigration of Indo-Pacific species into the Mediterranean. Until 
now, more than 400 species of Indo-Pacific origin have been recorded in the Mediterranean Sea (Zenetos et al. 
2005). When it comes to alien sipunculan species in the Mediterranean, Agik et al. (2005) regarded three spe¬ 
cies Aspidosiphon (A.) elegans, Phascolosoma (P.) scolops (Selenka and de Man, 1883) and Phascolion 
( Isomya ) convestitum Sluiter, 1902 as probable Lessepsian immigrants. However, Zenetos et al. (2005) added 
Apionsoma (Apionsoma ) trichocephalus Sluiter, 1902 and Phascolosoma (P .) scolops as casual alien species 
and Aspidosiphon (A.) elegans and Aspidosiphon (Akrikos ) mexicanus as questionable alien species. They 
also excluded P. (/.) convestitum from the list of alien species in the Mediterranean Sea, as it was originally 
described from the Mediterranean coast of France by Sluiter (1902). Agik (2007) first reported dense popula¬ 
tions of Apionsoma (A.) misakianum in the Mediterranean Sea and postulated that it could be an alien species. 
Aspidosiphon (A.) elegans, which was known only from the Israeli coast (Wesenberg-Lund 1957), extended 
its distributional range to the Aegean Sea (Agik 2008). 

Sipunculans are important components in benthic communities. Bognados & Satsmadjis (1987) and Som- 
aschini et al. (1998) reported that sipunculan species accounted up to 8.5% of total animal populations on soft 
substratum in the Mediterranean Sea. Koukouras et al. (1985) pointed out the importance of sipunculan spe¬ 
cies on sponges, comprising almost 4% of total animal populations. 

The present study gives details on the faunistic, ecological and biometrical features of sipunculans in the 
Aegean Sea, where such studies have not been previously carried out. The numbers of species given here in 
fact do not reflect the real sipunculan diversity of the Aegean Sea, since the deep-water fauna still remains 
largely unexplored. Future such studies to be undertaken in the area would enable us to understand the true 
sipunculan diversity of the Aegean Sea and their functional roles in biotopes. 
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